Force dynamic response of tibialis anterior-ankle joint unit in humans.
The aim of this study was to estimate the dynamic response of a human muscle joint unit by means of the analysis of the torque signal recorded during electrical stimulation of the tibialis anterior (TA). Ten subjects (age: 23-50 years, 7 males, 3 females) volunteered for the study. The leg was fixed in an ergometer designed for isometric contraction of the ankle dorsiflexors and the detection of the generated torque. The amplitude of a 30 Hz stimulation train administered at the TA motor point was varied sinusoidally, thus changing the number of the recruited motor units, and hence the tension at the tendon, in the same fashion. A sequence of 14 frequencies (0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.5, 3.0, 4.0, 5.0, and 6.0 Hz) was administered. (a) at the 14 frequencies the sinusoidal responses presented distortions always below 2%; (b) from the Bode plots reporting the average gain attenuation and phase shift at each of the 14 input frequencies, it was possible to model the force dynamic response as the one of a critically damped II order system with two real coincident poles (at 2.04 Hz) and a pure time delay (15.6 ms). The possibility to obtain, by means of the system input-output transfer function, data regarding the in vivo mechanics of the muscle-joint unit may represent a novel tool to investigate the functional features of different muscle groups. It may be useful for designing functional electrical stimulation programs as well as training and rehabilitation procedures.